Introduction 47
On short time scales, the upper crust deforms by high strain rate brittle deformation (Byerlee,  48 1978, Sibson, 1983; Kohlstedt et al., 1995) ; whereas on longer time scales, the upper crust can 49 deform ductilely at slower strain rates by viscous deformation controlled by stress-driven, fluid-50 assisted, diffusive mass transfer (Durney, 1972; McClay, 1977; Rutter, 1983 ; Gratier et al., 51 2013). These deformation styles may coexist spatially, as illustrated by coeval folds and faults in 52 foreland fold-and-thrust belts (e.g. Suppe, 1983; Mitra, 1990 were then also deformed as a result of regional compression. 103
104
The Dwyka Group is the oldest sedimentary unit of the Karoo Supergroup, and reflects a 105
Gondwana glaciation from 302 to 290 Ma (Bangert et al., 1999) . The Dwyka Group is present 106 over large areas of southern Africa, and contains both continental and marine facies (Visser, 107 environment (Visser, 1987) . In places, there is evidence for re-sedimentation by debris flow 115 (Visser, 1997) , and, in general, bedding planes are not recognizable in outcrop, because of re-116 sedimentation and/or bedding thicknesses exceeding the size of the outcrop. 117
118
In the study area, the Dwyka Group is separated from the underlying Cape Supergroup by an 119 unconformity that represents approximately 30 million years of missing rock record, inferred to 120 reflect a period of regional uplift related to collision during the mid-Carboniferous assembly of anastomosing cleavage network separating less strongly cleaved lenses, appearing aspressure solution cleavage wraps around the clasts (Fig. 5a-c) . Cleavage intensity appears highest 230 at clast boundaries and between closely spaced clasts (Fig. 5a,b an east-west trending, horizontal, greatest stretch. In the region where they took their samples 240 and measurements, the folding in the Dwyka is approximately upright, with a subvertical 241 cleavage (Fig. 2b) , so that the least stretch is cleavage-normal and subhorizontal. Considering a 242 larger area, cleavage is subvertical to moderately south-dipping ( clasts. If 'tombstones' are indeed defined by anastomosing cleavage planes, then the observationthat tombstone size is controlled by drop stone size (Fig. 4) , implies that grain size and cleavage 276 spacing are related. This is not surprising, and implies that cleavage spacing is also a measure of 277 d, as the transport distance from precipitation to dissolution is constrained by the distance to a 278 dissolution seam. 279
280
Quartz is the main mineral dissolved along the dissolution seams, and is also a major component 281 of the matrix (Figs. 6,7,8 The strain rates associated with pressure solution are capable of similar or higher deformation 319 rates to those typically associated with orogenic fold and thrust belts. Although the shortening 320 associated with the Cape Fold Belt is poorly constrained, it should therefore be noted thatpressure solution likely increases any current estimates. In addition, the potential strain rates 322 accommodated by pressure solution creep imply that the viscosity of the Dwyka diamictites was 323 sufficiently low for flow at strain rates typical of compressional margins. A corollary of this 324 inference is that the Dwyka, despite containing large, strong clasts, had a bulk rheology that was 325 relatively weak compared to surrounding quartzites (top of Cape Supergroup) and sandstones 326 (higher in the Karoo Supergroup), which are highly fractured and thus their bulk rheology is 327 better described by a Coulomb criterion with shear strength proportional to normal stress. 
